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Abstract: Two gravel pits (Kavelpaß and Wusseken), 
in the hinterland of the Pomeranian ice margin in NE 
Germany, have been investigated. Both sites possess 
glacifluvial sediments in the lower part of the available 
exposures, and a till in the upper part. Sedimentologi-
cal studies and studies concerning ice movement direc­
tions have been carried out. There is a clear evidence 
that the initial ice movement direction was from E and 
SSE, which contrasts with the expected regional move­
ment direction from NE through NNE. An explanation 
by the marginal dome concept is proposed in this 
paper. 
Kurzfassung: Im Hinterland der Pommerschen End­
moräne in Nordostdeutschland sind zwei Kiesgruben 
(Kavelpaß und Wusseken) untersucht worden. Beide 
weisen glazifluviale Sedimente im unteren, sowie Ge-
schiebemergel im oberen Teil der Lagerfolge auf. Sedi-
mentologische Studien und Studien zur Eisbewegungs-
richtung sind durchgeführt worden. Es ist deutlich, daß 
das Eis zu Beginn des Vorstoßes von Ost nach West, 
bzw. von Südsüdost nach Nordnordwest geflossen ist, 
und somit die Eisfließrichtung als abweichend von der 
erwarteten regionalen nordost-südwestlichen Bewe­
gungsrichtung betrachtet werden muß. Eine Erklärung 
dieses Phänomens unter Zuhilfenahme des Marginal-
domkonzeptes wird in dieser Arbeit vorgeschlagen. 
I n t r o d u c t i o n 
During the last glaciation, the Weichselian ice 
sheet reached its maximum extension during the 
Brandenburg Phase (Fig. 1 ) . Thereafter it retreat­
ed to the Frankfurt marginal line, where it stagnat­
ed. After this Frankfurt Phase the ice margin re­
treated at least 2 0 0 kilometres into the Baltic Sea 
basin and readvanced during the Pomeranian 
Phase to the Pomeranian marginal zone. This 
course resulted in two different till beds, the Bran­
denburg till and the Pomeranian till, which can be 
distinguished from each other by the lithological 
composition of their clast contents (CEPEK, 1 9 6 7 ) . 
The Brandenburg till is characterised by a high 
amount of Silurian shale, whereas the Pomeran-
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ian till contains additional cretaceous chalk and 
flintstone (CEPEK, 1 9 7 2 ; TGL 2 5 2 3 2 ) . After the 
Pomeranian Phase the ice sheet retreated succes­
sively with only short periods of standstill or pos­
sibly minor oscillations, which resulted in the for­
mation of small recessional moraines. In recent 
years an additional third Weichselian till has been 
distinguished, the so-called Mecklenburg till (e.g. 
R Ü H B E R G & KRIENKE, 1 9 7 7 ; EIERMANN, 1 9 8 4 ; R Ü H -
B E R G , 1 9 8 7 ) . It is characterised by its low thick­
ness, a high sand/silt ratio and low clay content, 
and poor consolidation. Another characteristic is 
its remarkably high CaCO^-percentage. 
The expected directions of ice movement during 
these Phases are from the north-west through 
north, i.e. perpendicular to the ice margin. How­
ever, P E T E R S S (e.g. 1 9 8 9 , 1 9 9 0 ) observed a number 
of till fabrics and stress joints, which deviate from 
the expected regional direction, but they were not 
discussed in detail. 
G e n e r a l d e s c r i p t i o n 
The localities described in this paper are situated 
in the eastern part of Mecklenburg/Vorpommern, 
approximately 5 0 to 6 0 km north of the Pomera­
nian ice margin. According to the Geological Map 
of MecHenburg/Vorpommern 1 : 5 0 0 0 0 0 ( 1 9 9 5 ) , 
an ice margin of the Mecklenburg Sub-Stage 
(Rosenthal ice margin - W 3 R (REINHARD 1 9 6 5 ; K L I E -
W E , 1 9 6 5 ; SCHULZ, 1 9 6 5 ; R Ü H B E R G , 1 9 8 7 ) runs a few 
kilometres south of the area in question. This 
margin corresponds roughly with the transition 
between flat moraine terrain to the north and 
hummocky moraine terrain to the south. The gla-
ciolimnic basin of the „Haffstausee" (KLIEWE, 
1 9 6 5 ) is situated to the east of the actual area. To 
the north and to the west flat cover moraine areas 
( A A R I O , 1 9 7 7 ; ANDERSSON, 1 9 9 8 ) dominate. 
The surrounding landscape is rather flat, only 
slightly irregularly undulating. However, river 
valleys cut deep into the ground, up to 2 0 metres 
below the plain. Holocene sediments (sand and 
peat) are commonly occupy the valley floor. Tills 
are the dominating stirficial sediment type in the 
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Fig. 1: Geological overview. The Weichselian ice margins are shown. The framed area is shown 
in Fig. 2. 
Abb. 1: Geologische Übersicht. Die Randlagen der Weichsel-Vereisung sind dargestellt. Das eingerahmte Ge-
biet wird in Abb. 2 gezeigt. 
area. Some hollows are scattered throughout the 
landscape; although it is unknown if they were 
formed by dead ice or if they simply are marl pits. 
M e t h o d s 
Field work 
Field work was carried out during several periods 
in 1995 and 1996, and an additional complemen-
tary field season in 1997. 
The thoroughly cleaned sections were photogra-
phically documented and described. Overview 
sketches were drawn in addition to the photo-
graphs. 
One or several representative places were chosen 
for sediment logging. At these places the sedi-
mentary units, their structures and their internal 
contacts were documented layer by layer. Repre-
sentative sediment samples were taken from each 
unit, both for gravel analysis and grain-size analy-
sis. The diamicton samples were preferably taken 
where fabric analysis had been carried out. 
Glacial striae and other forms of glacial erosion 
on cobbles and boulders were measured. 
Fabric analysis 
Closely spread pebble fabric analyses were car-
ried out every half meter and in cases even closer 
in the diamict units. For each analysis, the trend 
and plunge (Twiss & M O O R E S , 1992) of the a-axes 
(i.e. the longest axis) of 25 elongated particles we-
re measured. 25 particles is a sufficient amount for 
statistical certainty (KRÜGER, 1994). The criteria for 
a measurable particle, as described by K J ^ R & 
K R Ü G E R (1998) were: 1. The a-axis should be at 
least 1.5 times longer than the b-axis, and 2. The 
particle should be matrix-supprted. Horizontal 
shelves were dug into the section wall and the 
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Fig. 2: T h e invest igat ion a rea wi th the k e y local i t ies ( K a v e l p a ß and W u s s e k e n ) de sc r ibed in this paper . 
Abb. 2: Das Untersuchungsgebiet mit den Schlüssellokalen (Kavelpaß und Wusseken), die in dieser Arbeit be­
schrieben werden. 
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measurable particles carefully uncovered with a 
knife. An important criterion was that the vertical 
distribution of the paricles does not exceed a few 
centimetres. 
The data were plotted into a equal angle stereo 
net and the SI - and Vl-values were calculated ac­
cording to M A R K ( 1 9 7 3 , 1 9 7 4 ) . Each analysis has 
its own designation, where K means Kavelpaß 
and W Wusseken. The number corresponds to 
the depth in cm above the contact to the underly­
ing sediments. 
If possible, even glacitectonical elements, such as 
fold data (dip and dip direction of fold axes and 
fold planes) and thrust planes were measured to 
reconstruct the direction of movement of the ice 
sheet. 
Paleo-current directions were determined in the 
glaciofluvial units. 
Lithological composition 
The fraction between 2 , 8 an 1 0 mm was used to 
determine the lithological composition of the dia­
micton and gravel samples. This fraction was sub­
divided into subfractions ( 2 , 8 - 4 mm, 4 - 5 , 6 mm, 
5 , 6 - 8 mm and 8 - 1 0 mm). For the examination of 
the clast a binocular microscope with a 6 - 5 0 x 
magnification was used. Each subfraction was 
counted separately. Every single particle was de­
termined as detailed as possible in means of its 
rock type. The number of analyzed clasts in each 
sample varied between 4 0 0 and 9 0 0 . 
The determination of the different rock types and 
the division into groups and subgroups was 
based upon a modified German standard on litho­
logical analysis (TGL 2 5 2 3 2 ) . According to C E P E K 
( 1 9 6 9 ) special weight has been attached to the 
dolomites. 
The recognized rock types (subgroups within 
brackets) are: 
Crystalline rocks (acid granites and gneisses, gab-
bros, diabases and dolerites, amfibolites); Paleo­
zoic limestones (grey, red, glauconitic, sandy); 
Dolomites; Paleozoic shales and alumshales; 
Sandstones (red, purple, glauconitic, quartzitic, 
calcareous, siltstones, other) and quartzites; Flint-
stones; Cretaceous limestone (white, sandy, glau­
conitic); Other (eg coal, charcoal, limonite, iron 
clay stone, recent C a C 0 3 precipitations). 
The results of the analysis of the lithological com­
position are presented in horizontal bar diagrams. 
The different samples are plotted in their sedi-
mentological order. 
In some sections certain samples did not contain 
any calcareous matter, whereas other samples 
contained a lot of recent calcium carbonate preci­
pitations. In those cases the recent precipitations 
were not taken into account. 
Information about rock sources are taken from 
geological maps, e.g. Geologisk kort over den 
danske undergrund ( 1 9 9 2 ) and F L O D E N ( 1 9 7 7 ) . 
The magmatic and metamorphic rock types origi­
nate from the Baltic Shield and the Caledonides, 
whereas the paleozoic limestones and shales 
have their source in the central Baltic Sea. Creta­
ceous limestones and flintstones are components 
of the local bedrock. Sandstones and quartzites 
can be both long- and short-transported. The 
amount of their individual subgroups is often 
non-significant though. 
Grain-size analysis 
The grain size of both the diamictic and the sorted 
sediments were analyzed. For the coarse fractions 
(sand and gravel) sieving analysis was applied. 
The fractions correspond to the international 
Phi-scale. The finer fractions were analyzed with 
the hydrometer method (GANDAHL, 1 9 5 2 ) . The 
recieved values were recalculated and correlated 
to the Phi-scale. Results are presented as cumula­
tive curves. 
Site d e s c r i p t i o n s a n d l o c a l i n t e r p r e t a t i o n s 
Kavelpaß 
The gravel pit at Kavelpaß is situated four kilo­
metres north of Friedland (Fig. 2 ) . The pit is cut in­
to the southern edge of a relatively flat dntmlino-
id landform ( 1 , 5 x 1 km). The exposed section is 
about 8 0 m in length. 
The stratigraphy consists of two main units (Fig. 
3 ) , glacifluvial sediments (unit 1 ) and a diamicton 
(unit 2 ) . The section starts with 5 - 6 metres of gla­
cifluvial sediments, mainly sand and gravel, but 
also some silt and some cobbles and boulders. 
These sediments are heavily deformed. Folds are 
common, mainly recumbent isoclinal and tight 
folds, boxfolds, etc. Faults are almost absent. 
The transition to the next unit is represented by a 
very distinct and sharp erosive horizontal contact. 
A remarkable amount of boulders are situated at 
the contact. All of them show glacial striae on 
their upper side (Fig. 4 ) . Grooves have been 
found in connection to these boulders (Fig. 5 ) . 
Additional striated boulders have been fotind not 
in situ in the pit. 
Above this contact follows a 3 to 4 metre thick dia­
micton (unit 2 ) . This diamicton is homogeneous, 
massive, matrix-supported and contains only a 
very few gravel- or boulder-sized clasts. Its colour 
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Fig. 3: The section at Kavelpaß. Note the boulder assemblage at the distinct contact between the two 
sedimentary units. 
Abb. 3: Der Aufschluß in Kavelpaß. Bemerkenswert ist die Ansammlung von Blöcken im Bereich der deutli­
chen Grenze zwischen den beiden sedimentären Einheiten. 
Fig. 4: A boulder from the contact. The glacial striae are well-developed. Note the distinct stoss-
and lee side. 
Abb. 4: Ein Stein von der Grenze zwischen Einheit 1 und 2 mit deutlich entwickelten Gletscherschrammen. 
Stoß- und Leeseite sind deutlich zu sehen. 
is brown. The matrix consists of sand and silt. In 
its lower part some deformed sand lenses exist. 
There is a poorly developed fissility visible in the 
lowermost 1-2 m. At the level of 2-2,5 m above the 
contact streaks of sand and silt occur. The upper­
most meter of the diamicton is weathered. Calca­
reous components have been leached out. C a C 0 3 
has precipitated at the level 0,75 to 1,8 metres be-
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Fig. 5: In connection with a vast majority of the boulders found at the contact grooves have been 
observed. 
Abb. 5: In Verbindung mit der großen Mehrheit der Steine und Blöcke sind Grooves beobachtet worden. 
low the surface at the sand and silt streaks men­
tioned above. 
Signs of wind erosion have been observed on se­
veral boulders at the surface, eg on the so-called 
"Blücherstein", a huge erratic, which is situated 
just outside the pit. Such erosion can also be seen 
on numerous boulders in the pit, which are not in 
situ. 
Results 
The results of fabric analysis and lithological ana­
lysis are illustrated together with a simplified log 
through the section at Kavelpaß (Fig. 6) . 
Flow indicators: Stress indicators were measured 
in both the glacifluvial sediments (glaciotecto-
nical elements) and in the diamicton (glacial 
striae and clast fabric). 
The directions of the glacial striae were measured 
on 25 boulders and stoss and lee-side were deter­
mined in many cases. All the striae extend in a 
nearly exact east-west direction, with only a few 
degrees deviation. The stoss sides imply a move­
ment direction from the east. Additional striated 
boulders and cobbles, which show the same di­
rection of ice movement, have been observed at 
several other occasions. The grooves which are 
connected to the boulders indicate the same ice 
movement direction from the east. 
In the diamicton very tight fabric analyses were 
carried out, 50 cm apart in a vertical profile. In the 
critical zone close to unit 1, the analyses have 
been done even tighter, 4 analyses within a space 
of 25 cm. 
The first analysis (K 5) shows a hardly preferred 
orientation pattern. A certain east-west directed 
stress can be seen, but some measurements lie 
perpendicular to this east-west distribution, 
which lower the Sl-value. 
The next analysis (K 10) shows a similar but 
more preferred orientation pattern. The east-west 
stress direction is more marked and there are 
fewer perpendicularly situated particles. 
20 cm above the contact (K 20) the orientation 
pattern has strengthened. The measurements are 
clustered around 80 degrees ± 60 degrees with a 
dip of around 10 to 30 degrees. 
At K 25 a remarkable change in the stress direc­
tion occurs. The direction of VI has switched to­
wards north-north east. SI is fairly strong. This 
pattern continues more or less through the next 
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Fig. 6: A simplified log through the section at Kavelpaß. The results of both fabric analysis and litholo-
gical analysis are plotted in relation to their stratigraphical level. 
Abb. 6: Ein vereinfachtes Profil durch den Aufschluß bei Kavelpaß. Die Ergebnisse von sowohl der Rich-
tungsanalyse als auch der lithologischen Analyse (Kleingeschiebezahlung) sind im Verhältnis zu ihrer strati-
graphischen Position dargestellt. 
two levels (K 75 and K 125), but thereafter SI 
decreases, even if it is still preferred. The VI-va-
lues remain more or less the same between north 
through north-northeast throughout the remain-
ing part of unit 2. 
The dip and the dip direction of 15 fold axes and 
the vergence of the folds were analyzed in the 
glacifluvial sediments. The fold planes of four ma-
jor folds have a vergence towards the west, i.e. 
the stress direction was from the east. The other 
folds are minor folds that verge towards the 
south. 
Lithological composition: Four samples were ta-
ken in the diamicton and one in the underlying 
glacifluvial sediments. The most remarkable fea-
ture is the complete lack of calcareous material in 
the uppermost sample, whereas the sample be-
neath contains a lot of calcium-carbonate precipi-
tations, which in some cases are difficult to distin-
guish from chalk. 
The content of Precambrian crystalline rocks 
remains more or less the same throughout the 
succession, only somewhat higher values in the 
lowest diamicton sample and the sorted sedi-
ments. They amount to 30 to 50 % in all samples. 
The second largest group are paleozoic lime-
stones, with around 30 % in each sample except 
the uppermost one, which does not contain any 
calcareous matter. 
The other rock groups occur in minor amounts. It 
may be worth mentioning that Paleozoic shales 
are relatively abundant in the uppermost sample, 
whereas sandstones are relatively rare in the 
lowermost diamicton sample. The group "others" 
consists nearly solely of iron clay stone. 
The gravel fraction consists therefore of both 
long-transported material and more local material 
(above all chalk and flintstone), but the impact of 
weathering makes it hard to draw any conclu-
sions about the original composition. 
Grain-size analysis: There are no significant dif-
ferences between the samples taken in unit 2. 
Interpretations 
Unit 1 
The glacifluvial sediments of unit 1 may have 
been deposited as an outwash plain or another 
type of glacifluvial supra-aquatic landform. They 
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Fig. 7 : Cumula t ive grain size o f the samples t aken in Kave lpaß 
Abb. 7: KorngröKenkurven der Proben von Kavelpaß 
have b e e n g lac i tec ton ized b y an i ce advanc ing 
from the east . T h e glacier has e r o d e d the uppe r 
part o f the unit. With increas ing i ce th ickness 
e ros ion c e a s e d and depos i t ion started ( B O U L T O N , 
1 9 7 4 ; S U D G E N & J O H N , 1 9 7 6 ) . C o b b l e s and bou l ­
ders w e r e lodged and striated. Finally s ed imen­
tation o f till (unit 2 ) started. 
Unit 2 
Very important are the differences in stress direc­
tion m e a s u r e d in the clast fabric analyses a n d in­
dicated b y the glacial striae. T h e glacial striae 
(a long with the fold data) leave n o doubt that the 
initial i ce m o v e m e n t direct ion w a s from the east, 
which the fabric measu remen t results confirm. In 
the critical z o n e b e t w e e n the con tac t and 2 5 c m 
above t h e swi tch from eastern di rect ions to the 
e x p e c t e d nor th-eas tern d i rec t ions takes p l ace . 
T h e three lowermos t m e a s u r e m e n t s (K 5 , K 1 0 
and K 2 0 ) imply a stress direct ion from the east . 
K 2 0 possibly indicates a transit ion to a m o r e 
nor theas tward di rect ion. 
At K 2 5 the m o v e m e n t direct ion has c h a n g e d 
comple t e ly to the e x p e c t e d reg iona l ice m o v e ­
men t direct ion from the north nor th east. T h e ori­
enta t ion is preferred. This north nor th east d i rec­
t ion con t inues th roughout the remain ing part o f 
the till. 
T h e uppermos t analysis ( K 2 7 5 ) is less preferred 
a n d may represent a f low till succes s ion . 
T h e lower part o f the diamicton ( u p to approxi ­
mate ly two mete r s from the c o n t a c t ) is regarded 
as a lodgement till. Th is interpretat ion is b a s e d 
t ipon its c o m p a c t n e s s , fissility, the e ros ive 
contac t , de fo rmed sand lenses , a n d the strong S i -
va lues o f the fabric m e a s u r e m e n t s . T h e u p p e r 
part o f the d iamic ton possibly cons i s t s o f basa l 
melt out till and f low till. T h e l o w e r deg ree o f c o n -
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sol idat ion o f t he till, the s a n d streaks, w h i c h a re 
c e m e n t e d wi th precipitated l ime and the s o m e ­
what l o w e r S l - v a l u e s suppor t this interpretat ion. 
T h e ice a d v a n c e d from the east , rode over p re ­
exis t ing glacifluvial sed iments , de fo rmed and 
e roded t hem. Bou lde r s w e r e striated at the e ros i ­
o n level. T h e lowermost 2 0 c m o f the till b e d w e ­
re depos i t ed f rom the east. Later the ice c h a n g e d 
its m o v e m e n t direction. T h e n e w direct ion w a s 
from the nor th north east. T h i s direct ion r e m a i n e d 
the s a m e throughout the rest o f the s e q u e n c e . 
L o d g e m e n t till w a s deposi ted , w h i c h w a s p o s s i b ­
ly fo l lowed b y a basal melt ou t till and a f low till 
during the final deglaciat ion. Desp i t e the t w o dif­
ferent d i rec t ions the con t inous sed imenta t ion o f 
the till b e d impl ies a single i c e advance . 
T h e a d v a n c e from the north nor th east c a u s e d a 
s e c o n d g e n e r a t i o n o f deformat ion structures in 
the glacifluvial sediments . B e c a u s e o f the inc re ­
asing th i ckness o f till the p o r e wa te r pressure in­
c r eased in t he underlying sed imen t s , wh ich c a u s ­
ed a lower ing o f the effective normal strain a n d 
thus c a u s e d deformation. 
T h e d i amic ton looks the s a m e throughout t he 
w h o l e sec t ion , e x c e p t for s o m e differences in c o ­
lor, w h i c h c a n b e expla ined b y the leaching a n d 
re-precipi ta t ion o f lime. T h e r e a re differences in 
the l i thological compos t ion o f the sediment , e .g. 
the lack o f ca lca reous mat ter in the upper part. 
This l ack is l ikely a result o f weather ing. T h e 
l e a c h e d l ime has then b e e n precipi tated at t he 
l ight-s t reaked level within the diamicton. B o t h 
c r e t a c e o u s l imes tone and sands tone /quar tz i t e a re 
uneven ly distributed, w h e r e a s the o ther c o m ­
ponen t s a re present in roughly the s ame p e r c e n ­
tage th roughou t the sect ion. 
Accord ing to the TGL 2 5 2 3 2 the li thological c o m ­
posi t ion o f t he till suggests a Weichse l i an a g e . 
This is in ag reemen t with t he present interpreta­
tion that the till represents the latest g lacia t ion in 
the area. Its relatively high con t en t in c r e t a c e o u s 
chalk and flint may suggest a Pomeran ian age . O n 
the o the r hand , if the M e c k l e n b u r g Sub-S tage is 
r ep resen ted b y an o w n till, this Meck l enbu rg till 
should b e t he youngest a n d consequen t ly unit 2 
should b e the Meck lenburg till, wh ich is addi t io­
nally indica ted by the high l ime content . This is in 
a g r e e m e n t wi th RÜHBERG ( 1 9 8 7 ) . 
T h e l i thological relat ionship b e t w e e n unit 1 a n d 
unit 2 is unc lear . T h e dif ferences in their l i tholo­
gical c o m p o s i t i o n may imply different even t s . 
Howeve r , s u c h differences m a y a lso b e e x p l a i n e d 
by different physical cond i t ions o f transport a n d 
sed imenta t ion in running wa te r and ice . 
W u s s e k e n 
T h e large gravel pit W u s s e k e n is situated 9 ki lo­
met res N N W o f Kave lpaß , ca . 1 0 k i lometres S S W 
o f A n k l a m (Fig. 2 ) . T h e quar r ied glacifluvial sedi­
ments e x t e n d over a large area. 
T h e stratigraphy, subdiv ided into two main units, 
l ooks s imi lar to that o f K a v e l p a ß : glacifluvial sedi­
ments at the bo t tom (unit 1 ) and a d iamicton o n 
the top (unit 2 ) . T h e c o n t a c t is erosive. Bou lde r s 
with glacia l striae are c o m m o n at the contact . T h e 
lower part o f the sec t ion is s h o w n in fig. 8 . 
T h e glacifluvial s ed imen t s (unit 1 ) consist mainly 
o f s and a n d fine gravel, a n d the ou tc ropped part 
o f t h e m reaches an a p p r o x i m a t e th ickness o f 
5 met res . Average grain s izes appears larger in the 
lower part than in the t ipper part. Domina t ing 
bedfo rms are tilted b e d s (tilt angle a round 2 0 ° ) , 
which transist laterally in to ripples. Folds are rare 
and sets o f normal faults occur . 
T h e u p p e r part consis ts o f the s ame type o f sedi­
ment a s t he lower part, bu t o n average the grain 
size a p p e a r s smaller than b e l o w . Planar parallel 
l amina ted sands and f ine gravel are dominat ing, 
but r ipples and trough c ross bedding are also 
c o m m o n . T h e deg ree o f deformat ion inc reases 
towards the top. Fo lds a re c o m m o n , often they 
are non-cyl indr ical . S o m e m i n o r normal faults al­
so occur . 
T h e c o n t a c t b e t w e e n unit 1 and unit 2 is distinct 
and c lear ly erosive, but n o t as horizontal as in Ka­
ve lpaß . It is slightly undulat ing. In genera l , the 
boulders at the transit ion b e t w e e n the t w o units 
are larger than in Kave lpaß , u p to 1 met re in dia­
meter (Fig . 9 ) , but there are a lot o f c o b b l e s as 
well. T h e y s h o w glacial striation, but a l so o ther 
features o f glacial e ros ion , such as c rescen t ic frac­
tures. In s o m e cases the re a re two genera t ions o f 
striae o r c rescen t i c fractures from different direc­
tions e x p o s e d . Addit ional two-genera t ion-marks 
are found o n several bou lde r s not in situ in the 
pit. 
T h e d iamic ton (unit 2 ) is h o m o g e n e o u s , mass ive 
and mat r ix suppor ted . T h e th ickness varies b e t w ­
e e n 1 m e t r e and 4 met res , with an approx imate 
m e d i u m size o f 2 met res . T h e clasts are rounded . 
T h e u p p e r mete r o f the s e q u e n c e is wea the red . 
In p l a c e s there is a dist inct f a d e s difference be tw­
e e n t h e lower and the u p p e r part o f unit 2 . T h e 
lower part is mass ive , over -consol ida ted and 
s h o w s a distinct fissilitiy, w h e r e a s the uppe r part 
is stratified, not conso l i da t ed and lacks fissility. 
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1 m 
Fig. 8: S e c t i o n through the sor ted sed imen t s (Linit 1) in W u s s e k e n . T h e d iamicton (unit 2 ) has b e e n r e ­
m o v e d b y the excavator . 
Abb. 8 : Schnitt durch die sortierten Sedimente (Einheit 1) in Wusseken. Das Diamikton (Einheit 2 ) ist abge­
schoben worden und deshalb nicht zu sehen. 
Resul ts 
At the con t ac t b e t w e e n unit 1 and unit 2, the nu­
m e r o u s bou lde r s s h o w glacial striae and c rescen t ­
ic fractures. T h e y indicate t w o different direc­
tions, o n e from the north east and a n o t h e r from 
the south-south east, wh ich is impl ied b y bo th 
stoss a n d l ee sides and the or ientat ion o f the cres­
cent ic fractures. T w o bou lders s h o w glacial striae 
(from b o t h d i rec t ions) a n d c r e scen t i c fractures 
(from the south south eas t ) . Stoss and l ee s ide are 
we l l -deve loped . T h e north east striae a re younge r 
than t he sou th south east striae. Additonally, c. 
ten m o r e boulders have b e e n found not in situ 
with t w o direct ions o f striae with the s a m e angle 
i n b e t w e e n the two sets o f striae. 
T h e area l distribution o f the bou lde r s is dep ic t ed 
in Fig. 10 . 
T h e results o f fabric analysis and l i thological ana­
lysis a re illustrated toge ther with a s implif ied log 
through the s ec t i on at W u s s e k e n (Fig. 11) . 
Flow indicators: A n t imber o f ana lyses w e r e c a r ­
ried out to d e t e r m i n e the pa leos t ress condi t ions , 
b o t h in the glacifluvial sed iments (unit 1) and t h e 
d iamic ton (unit 2 ) . 
In the diamicton, fabric analyses w e r e carried o u t 
in a vertical profile, 5 0 c m apart f rom e a c h o ther . 
C lose to the con tac t b e t w e e n the t w o sed imenta ry 
units, addit ional 4 analyses w e r e m a d e wi th in 
25 cm. 
T h e lowermos t analysis , at the level b e t w e e n 2 
and 4 c m a b o v e t he contact ( W 2 - 4 ) , s h o w s a 
strongly preferred orientat ion f rom the sou th 
south east, wh ich is roughly the s a m e value as t he 
glacial striae o n t he boulders . 
At the next level , W 5, all direct ions e x c e p t t h e 
sec to r b e t w e e n 1 8 0 to 2 7 0 d e g r e e s are present . 
Particles lie m o r e o r less horizontal ly. 
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Fig. 9: A large striated boulder found at the contact between unit 1 and unit 2. Stoss and lee side are 
very well-developed. Scale: around 1 m in diameter. 
Abb. 9: Ein großer geritzter Block, gefunden an der Grenze zwischen Einheit 1 und Einheit 2. Stoß- und Lee­
seite sind gut ausgebildet. Maßstab: ca. 1 m im Durchmesser. 
At W 10, the south south east - north north west 
component becomes weaker and the north east 
component becomes dominant. At W 25, the 
measurements are clustered around north north 
east with a dip between 0 and 30 degrees. This 
pattern continues with very small variations up 
to the W 200. The analyses in the uppermost 
part of the diamicton (W 250 and W 300) show 
a less preferred pattern. 
In both the lower and the upper part of unit 1, 
the direction of sediment transport has been 
determined. Sedimentary structures indicate a 
mean flow direction from the north east. 
In unit 1, the vergence of a couple of folds and 
the dip and dip direction of the fold axes were 
measured. The fold axes extend roughly in 
north south direction. They dip in both direc­
tions, but their dip angel is normally quite low. 
The folds verge normally to the west. 
Lithological analysis: Two samples were taken 
in the glacifluvial sediments (unit 1). In the dia­
micton, four samples were taken in a vertical 
profile, one directly above the contact between 
unit 1 and unit 2, the next 50 cm above and the 
remaining two one meter apart, respectively. 
The lithological composition does not vary very 
much throughout the section. The amount of 
crystalline rocks (gneisses, granites, amphiboli-
tes etc.) exceeds mostly 4 0 % , but does not reach 
Fig. 10: The areal distribution of the striated boulders 
from the interface between unit 1 and unit 2. The 
boulders are not in scale. 
Abb. 10: Die Verteilung der geritzten Blöcke zwischen 
Einheit 1 und Einheit 2. Die Blöcke sind nicht maß­
stäblich dargestellt. 
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Fig. 1 1 : Simplified log through the sec t ion at W u s s e k e n . T h e results o f b o t h fabric analysis and l i tho­
logical analysis are plot ted in relat ion to their stratigraphical level. 
Abb. 11: Ein vereinfachtes Profil durch den Aufschluß bei Wusseken. Die Ergebnisse von sowohl der Rich­
tungsanalyse als auch der lithologischen Analyse (Kleingeschiebezählung) sind im Verhältnis zu ihrer strati-
graphischen Position dargestellt. 
50 %. T h e pe rcen tage o f p a l e o z o i c l imes tone is 
nearly o f the s a m e figtire, m a y b e s o m e w h a t l o w e r 
than crystal l ine. T h e remain ing 15 to 2 0 % consis t 
mainly o f sands tone a n d quartz. Chalk and flint-
s tone d o not e x c e e d 2 % ( e x c e p t in unit 1 with 3-
4 % ) a n d nei ther do pa l ezo ic shales . Do lomi t e s 
and c r e t a c e o u s l imes tones are very rare, a lmost 
absent in all o f the samples . 
T h e l i thological c o m p o s i t i o n o f all s a m p l e s is thus 
d o m i n a t e d b y long- t ranspor ted material . T h e lo­
cal b e d r o c k ( c r e t a c e o u s a n d tertiary r o c k s ) is re­
p resen ted in very l ow amounts . 
Grain-size analysis: T h e samples t aken in unit 2 
appea r to b e without significant di f ferences . T h e y 
conta in a large amoun t o f sand a n d are poor ly 
sor ted (Fig . 12) . 
In terpre ta t ion 
Unit 1 
T h e sed imen t s in unit 1 a re depos i t ed in a glacif­
luvial env i ronment , m a y b e as a proglacial out-
wash plain. Deformat ion structures a re rare in the 
lower part o f unit 1, but there a re s o m e normal 
faults indicat ing melt ing o f bur ied dead ice s o m e ­
w h e r e in the ground. 
As Linit 1 is depos i t ed from the nor th east , it 
shou ld b e c o n n e c t e d to the main i ce shee t a n d 
no t to the advance from the south sou th east. 
T h e boulders at the con tac t c an b e the remains o f 
a n e r o d e d coarse -gra ined b e d . T h e y s h o w c re s ­
cen t i c fractures a n d glacial striae wi th t w o differ­
en t direct ions. B o u l d e r s with t w o different d i rec­
t ions gave the oppor tuni ty to de t e rmine the rela­
tive a g e b e t w e e n the two sets o f striae and c res ­
cen t i c fractures. O n those boulders t h e striae from 
the south south-east are the older o n e s . T h e b o u l ­
ders with striae from the south sou th east m a y 
have b e e n c o v e r e d b y till at an ear ly stage, w h i c h 
p reven ted the e ros ion o f the striae. M a y b e e v e n 
the o ther bou lders w e r e striaed from the sou th 
south-east , but t h o s e striae have b e e n e r o d e d b y 
the n e w ice m o v e m e n t direct ion f rom the north­
east. 
Unit 2 
Desp i t e different i ce m o v e m e n t d i rec t ions the till 
represents a s ingle i ce advance . It is a c o m p l e t e 
till s ucces s ion with a c o m p a c t a n d o v e r c o n s o -
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Fig. 12: Cumulative grain size of the samples 
taken in Wusseken 
Abb. 12: Korngrößenkurven der Proben von Wus-
seken 
lidated lodgement till with fissility at the bottom, 
followed by a less consolidated, stratified melt out 
till and finally a flow till on top. 
As already explained, the till may first have been 
deposited in small depressions in the landscape, 
and preserved the signs of initial ice movement 
directions in those depressions. In such a depres-
sion the series of clast fabric analyses was carried 
out, which show an initial ice movement direction 
from the south south-east and a transition towards 
the normal north-east direction occurs within a 
vertical space of 10 cm. The lowermost fabric ana-
lysis shows the same stress direction from the 
south south-east as the striae on the boulders. The 
following analysis (W 5) represents the transition 
between the south south eastern and the north 
eastern direction of ice flow. 
1 1 0 
In the following six fabric levels (W 10, W 25, 
W 50, W 100, W 150, W 200) a clear north-east 
stress direction prevails. As this part of the till suc-
cession can be interpreted as a lodgement till and 
p S B Wusseken, unit 2 
Wusseken, unit 1 
K II 250 
j Kavelpaß, tint 2 
J Kavelpaß, unt 1 
- /K II 50 
\ K l u s / ? 1 1 , 5 0 
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E/ A / \ YJL1 B v ii 50 
PK 
Fig. 13: Ternary plot according to TGL 23252 
Fig. 13: Dreieckdiagramm nach der TGL 23252 
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Fig. 14: Possible regional interpretation. The advancing glacier sur­
ges into a basin. On top of the flat glacier tongue a marginal dome 
builds up, which has a movement pattern independent from the 
main ice sheet. Movement direction can thus become perpendicu­
lar (Kavelpaß) or nearly opposite (Wusseken) to the regional mov­
ement pattern. When the ice sheet overrides the marginal dome, the 
ice movement becomes normal again. 
Abb. 14: Mögliche regionale Interpretation. Der vorstoßende Gletscher 
fließt in ein proglaciales Becken aus. Auf der flachen Oberfläche der 
entstandenen Gletscherzunge wird ein Marginaldom aufgebaut, der ein 
vom Haupteis abweichendes Bewegungsmuster hat. Die Bewegungs­
richtungen können somit rechtwinklig (Kavelpaß) oder sogar entge­
gengesetzt (Wusseken) zur regionalen Fließrichtung werden. Wenn der 
Hauptgletscher schließlich den Marginaldom überfährt, normalisiert 
sich die Eisbewegungsrichtung wieder. 
a basal melt-out till, this north­
east direction can be regarded 
as the movement direction of 
the ice sheet when this succes­
sion was deposited. 
The uppermost two fabric ana­
lyses (W 250 and W 300) show 
a significantly less preferred 
distribution pattern, which to­
gether with the characteristics 
mentioned above can be inter­
preted as a flow till pattern. 
The conclusion is that during its 
advance from the south south 
east the ice has overridden pro­
bably proglacial sediments, 
eroded them to a certain amo­
unt, striated boulders and cob­
bles and finally deposited till. 
Then the ice changed its move­
ment direction to a north-ea­
stern direction. The ice eroded 
the uncovered erosion marks 
on the boulders and maybe de­
formed the upper part of the 
underlying sediments. The 
boulders were striated once 
again from this new north-ea­
stern direction and lodgement 
till was deposited. Only in 
depressions the older striae and 
the previously deposited till are 
preserved. Lodgement till was 
deposited at first, then the ice 
stagnated and melt out till for­
med. Finally a flow till sequen­
ce with random clast fabric di­
rections was formed at the top, 
which filled out the depressions 
in the landscape, explaining the 
variations in thickness of the 
diamicton. 
A chronological interpretation 
of the sequence is difficult to 
make. According to the TGL 
25232 the lithological composi­
tion of the till (and the glaciflu­
vial sediments as well) should 
be of Saalian age, which is very 
unlikely because of its stratigra-
phical position. In this case the 
two or three younger tills 
would be missing. Instead the 
till certainly represents the yo-
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ungest glaciation in the area. The glacier can ha­
ve picked up material from the underlying glaci­
fluvial sediments. This interpretation is also sup­
ported by the presence of the rounded clasts in 
the till. Thus the lithological composition of the 
till reflects the lithological composition of the ol­
der sediments beneath. 
D i s c u s s i o n a n d c o n c l u s i o n s 
The tills in Kavelpaß and Wusseken can be cone-
lated with each other. Both represent the youn­
gest glacial event in the area. The two sites are 
close to each other. There is no end moraine bet­
ween them. Both tills display an anomalous initi­
al ice movement direction. The ternary diagram of 
the TGL 25232 (Fig. 13) is contradictory, howev­
er. It shows a Saalian age for the till in Wusseken, 
which is not likely. The ice has probably picked 
up material from the underlying sediments. The 
till reflects thus the lithological composition of the 
underlying sediments. Hence, the standard plot 
may be used with caution. 
Anomalous ice movement directions are not es­
pecially uncommon. Similar phenomena have be­
en reported from other parts of central Europe 
(e.g. M A L M B E R G - P E R S S O N & LAGERLUND, 1994; LAGER-
LUND et al., 1995; PETTERSSON, 1997). 
Surges can explain variations in ice movement 
(Fig. 14). A large ice sheet can surge into a water-
filled depression because of various reasons (LA­
GERLUND, 1987; SHARP, 1988a; SHARP, 1988b; SHARP 
et al., 1988). The thermal regime of the glacier, the 
nature of the subglacial hydrological system and 
the character of the subglacial bed are important 
parametres (SHARP, 1988a). It is almost impossible 
to reconstruct both the thermal regime of the gla­
cier and the subglacial hydrological system, but a 
water- or ice-filled basin in front of an advancing 
glacier could trigger a surge. The present-day ba­
sin of the Stettiner Haff and the lowland around it 
could have acted as such a basin. The movement 
direction from the east in Kavelpaß can be ex­
plained by such a surge into the Stettiner Haff ba­
sin. However, explaining the movement from the 
south south east in Wusseken remains a problem. 
An ice movement direction from the south south 
east is nearly 180° opposite to the expected re­
gional ice movement direction. Even if a surge 
could possibly explain such a direction, other al­
ternative possibilities must be taken into account. 
The marginal dome concept proposed by LAGER­
LUND (1987) is one of those likely interpretations. 
In Fig. 11 the idea of a glacial surge is developed 
further more: The surge causes a flat ice surface to 
form. Because of the high albedo of the ice sheet, 
a very strong high pressure developes above the 
ice sheet, which forces the low-pressure systems 
along a track at the margin of the ice sheet. Preci­
pitation is released predominantly at the margin 
of the glacier. On the flat surface of the surged ice 
tongue a lot of that precipitation accumulates, 
which causes the tongue to increase in thickness. 
Eventually the pressure melting point is reached 
at the base and the created local ice dome beco­
mes activ independently from the major ice sheet. 
Movement directions are thus perpendicular to­
wards the edge of the dome and deviate in this 
way from the regional direction. Even completely 
unusual and hard-explained directions may oc­
cur. Finally, the advancing glacier overruns the lo­
cal ice dome, incorporates it and the movement 
direction changes to the normal direction from 
the north east. 
There are other possibilities to explain anou-
malous ice movement directions. Topographic 
obstacles, like pronounced hills or bedrock, in 
front of the advancing ice sheet could cause a 
change of the ice movement direction. In the ac­
tual area this possibility seems to be unlikely. 
The course described above probably occurs dur­
ing the main retreat of the Weichselian ice sheet 
and represents a minor readvance. According to 
the Geological map (1995) the tills could be 
Mecklenburg Sub-Stage tills. Thus the glacifluvial 
deposits should be connected to the Pomeranian 
deglaciation, even if their lithological composi­
tion suggests a Saalian age. 
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